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?%2RSLATIOllBHIPBSTUSENTHE SHOCK SSSSITIVITXAND THi?SOLIO PORE
S12SS OF TATB POWDERSPRESSEDTO VARIOUSDSSSIT12S

R. lae*,G. Bloom,W. Von Hone, Ii.Weingart,L. R’lukaon,
S. sanders,“C.Slettevoldand R. PioOuira

LawrenceL1vermoreWationalLaboratory
Livarmore,California,94550

?krouryintrueionporoslmetrymeaeuramentshave been made on samples
preamedfrom three differenttypesof’TATBpowdershaving quite different
particlesize distributions.Tne sampleshad densit 18s rangingfrom
74-99$Or theoreticalM8XiMltl!ldensity. Resultsof the porosimetrymsaaure-
mants●re comparedwith shook initiationthresholdsmeasuredon the same
materials. The growthof reactionin BU8t.tMMdpressureexperimentsis also
cceparedfor two of the TATB types.

Shook initiationof pressedseoondaryhigh
explcsives is due to ocncentrationof energy
at inhomogeneitieain the material,leadlngto
100alized “hot apota”and subsequent
reaotion. The levelof stimulusrequiredto
initiate“adetonationIe a strongTunotionor
the densityto whichthe explosive1s
pressed. Internalvoidshave been proposedse
one of the ❑eans by vh1oh the shook wave
energy may be concentrated(1,2). Bcms of the
proposedmechanismsincludeViaco-plasticflow
(3),adiabaticheatingof trappadgas (4) and
shocksgeneratedby void collapse(5). In
addition,it is veil knownthat the shock
initiationthresholddependson the particle
size distributionof the pewderfrom which the
explosivespecimensare pressed (6,7). M an
earlierstudy (8)we observedparticlesize
errectson the initiabilityof pressedTATB
specimens. One of ths major objeotives of the
vork repovtedhere use to 8tudy furtherthe
effectof high explosive❑icrostructureon
initiabillty.

t4ercuryintrusionporosimetryprovidesa
method for direotlyinvestigatingthe voids in
a pressedsample. liehave made mercury
intrusionPoroaimatPymeasurementson pressed
samplesof”the high ~xplosiveTATB
(trisminotrlnitrobenzene)rOr three quite
differentparticlesize distributions.The

samplesinvestigated vere preesedto densit1ss
that ranged from 74-9% of theoreticalmaximum
density. lieoompsrethe resultsof the
mercuryintrusionWaauremants with shock
initiationthresholdsmeasuredon the same
material.

TATS SN4PUB

TATB is an extremelyinsensitivehigh
explosivethat can be preparedin a numberof
vays leadingto quite differentpartiolealas
distributions.Our bsaellneTATB material,
vhioh we call‘productiongrade (PO TATS), is
producedin a two-stepdry sminationprocess,
vhich leadsto a prcductwith an arithmetic
mean Partiolesize d 60 micrometres,as
determinedby wet sieving (8). The apscific
surfacearea of this material,determinedby
the BET method,is about 0.5 m21g (8).

A finermaterialcan be preparedfrcm the
produotlongradeTATBby uet grindingin a
fluid-energyml11. Me designateTATB produced
by this methodse ultraflne TATB (UF TATB).
UF TATB has a mean arithmeticparticleeize of
about 10 micrometre and a specificeurface

Yarea of about 4.5 m /g, determinedby the same
proceduresas fOr the productiongrade
material(8).

TATB with a much finer particlesize
distributionhas reoentlybeen synthesized

●Present address: Department of Physics, Cardvell Hall,
Kansas State University, Hanhattan, KS.
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(9,10). This materialis prepare~by craah-
precipltationand in designatedam CP TATS.
Particlesize distributionshave been
determinedusing a CoulterM4 particle
sizer. The mesn particlesize of a CP TATB
sample,de~erminedby weight,wan 0.22
micrometres. Specificaurfaoearea“was
measuredon the same sampleby the BST method
using a Digisorb2600 system,md we obtained
a specificsurfacearea of 17.1 m21g, although
v lues for individuallote Padge from 7 to 30
?!m lg. Particleeize was calculatedfrom the
surfacearea data, aesumingepheric 1

9particlesand a deneity of 1.9 g/cm , yielding
a mean particlesize of 0.18 micrometresin
good agreementwith the data from the Coulter
instrument.

151cmY 211TBusIowPoRosxmrTRY

14ercuryintrusionporosimetryis based on
the law whichdescribesthe penetrationof a
liquidintoa smell orifice. For a non-
wettingliquidand cylindridelpores, the
minimumpore diameter,d, throughwhich the
liquidwill flow at a pressure,P, is given by

D = (4Y/P)ooa(8), (1)

where Y is the surfacetensionof the liquid
and B is the contactangle betweenthe liquid
and the solid. Pore surfacearea is
oalaulatedfrom the PdV work requiredto foroe
the mercury throughthe pores. The work dW
that is neededto immersean area dA of pore
wall is given by

dW = cos(8)dA= -PdV. (2)

me experimentaltechniqueoonaistsof
evacuationof a sampletube u ich contaiMS the
specimento a pressureof 10-!!Torr and back-
fillingwith mercuryto 10 kPa to fill the
sampletube completelyend those pores which
exceed 117 miawsetres in diameter. me bulk
densityis determinedat this point from the
maas of the sampleand the volume. Pressure
is then appliedat logerithmiointervalsto a
❑aximumof 200 HPa. The pore volume
distributionis determinedfrom the
incrementalvolumechangeat each pressure
increase,assumingthat the pores are
cylindrical. A skeletaldensity is determined
at 200 IiPaand comparedwith he theoretical

%maximumdensityof 1.937g/cm .

siocc IilITIATmnTiIlimiDLoHBAmmmm

me shook stimulusrequiredto initiatea
detonationin the TATB aampleewas producedby
the impactof a thin plaetic flyer plate. The
Mylar flyerplateswere 0.25 mm thickand had
diametersrangingfrom 1.00 to 25.4 m. The
flyer plateswere acceleratedby electrically
exploding25.4 x 25.4 x 0.051mm aluminum
foilewith a “capacitorbank System. The flyer
platematerialwas drivenby the exploeion
down a barrelof the desireddiameterto

impactthe TATB specimen. A calibrationcurve
of flyerplate velocityVersus bank charging
voltagewas obtainedusing a Fabry-Perotlamer
velocityinterferometer.The systemwhich
acceleratedthe flyer pIates is describedat
lengthelsewhere(11).

The thresholdvelooity for shook
initiationwae determinedusing a delayed
Robbine-?40nro(DRJ4)procedure for selecting
tha bank charging”voltagea. The DIM protocol
optimizeethe informationthat can be obtained
from the limitednumberof samples(usually6-
8) availablefor each threshold
determination.lhe OF@!procedureis also
describedin detail elsewherein the
literature(12). me shook initiation
thresholddata are stmmnarizedin Table 1.

IIIITZATI~~ SISE ~

Figures1 and 2 show the shook initiation
thresholdae a funotionof initiationspot
size for four TATB forma. Theee are UF TATS;
a UF TATBobtainedfra” the AWRE, Ndermaeton,
Sngland;CP TATB formulatedat Livermore
(designatedCP-20),and a CP TATB designated
CCP that was formulatedat MM AlamosWational
@boratory by Ho rd Cedy. me date for both

T1.4 and 1.6 glom density“showa sharp rise in
thresholdfor the UF materialsas the flyer
diameterapproaches1 mm, while the data for
the CP mataials do not exhibitsuch a
trend. There is also a reversalin
eansitivenessof the UF and CP materials. lhe
UF materialis easierto initiatewith the
largerflyers,while the CP materialis easier
to initiateat the smallerflyer diameters.
We also performedinitiationthreshold
experimentsat reducedtemperatures(-54°C)
and againobserveda significantdifferencein
the behaviorof the CP and UF materials. We
couldnot initiate the UF TATB at the lower
temperaturewith 1.59 and 1.00-mn-dizmeter
flyers,but the CP samplesWere initiatedwith
only a modestinoreaaein thresholdvelocity.

COHFAS- DF Tmmim Ano mBosRmmY
umJLTs

Figure3 shows the resultsof ●ercury
intrusionporoeimetrymeasurementsmade on
preseedsampleeof CP, UF, and PO TATB. Tha
difference.betweenthe curves for the CP and
UF samplesreflectsthe differencein two
materialswith differentparticleeize
dietributionebut the same density. The curve
for the PG sampleshows the effectof a higher
density,as well as a differentparticlesize
distribution.Total intrusionvolumeand
averagepore‘diameterare listedfor all the
materialsin Table II.

me porosimetrydata correlatefairly
well with the thresholdvelocitythat a 0.25-
--thick, 3.18-mn-diemeterMylar flyer plate
muet have t6 initiatea detonationin TATB.
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TABU I

Shock Initlation ThresholdData. Cady CP refers to CP materialproducedat LANL,CP-20
refere to CP ~terial producedat LLNL, UF-ANRE ia UF material obtainedfrom AWRE,
Aldermaston. ma thresholddata dealsnatedaa “Oold”were obtainedfroa shots fired at
-5110C.‘The“thresholdVO100itle8marked m~w were ahotawhich did not detonateat that
impectvelooity,so the true thresholdwelooity18 somewhathigher..

TNRESNOLD TNRESNOLD TNRSSNOLDTliRESNOLD
vmITY VELOCITYVELOCITY VELOCITY..-. ---—.

RxPLOsIvE
Vu.oel-rx
25.4 Ml
FLYER
(m/s)

1.85
1.’93
1.96

1.99

2.29

1.98
2;b3
1:68
2.01
3.02
1.71
1.91
3:02
1.91
2.07

-.. ,.
6.35 MM
FLYER
(m/s)

3.18 UM
FLYER
[m/s)

2.32
2.60

1.59 w 1.0 NN
FLYER FLYER
(m/s) (m/s)

2.39 2.34
2.78 2.52
2.46 2.55
2.58
2.36 2.37

CADY CP (1.4G/CC)
CADY CP (1i6 G/CC)
CAM CP (1.4G/CC, COLD)
CADY CP (1:6G/CC, COLD)
CP-20 (1.4”G/CC)
CP-20 (1i4 G/CC)
CP-20 (1i45 G/CC)
CP-20 (1:50 G/CC)
CP-20 (1.55 G/CC)
CP-20 (1:6G/CC)
CP-20 (1;60G/CC)
CP-20 (1.64 G/CC)
CP-20 (1.70G/cc)
CP-20 (1i75 G/CC)
CP-20 (1:80 G/CC)
CP-20 (1:4 G/CC, COLD)
CP-20 (1.6G/CC, COLD)
UF-ANRE (1.4G/CC)
UF-AHR2 (1.6 G/CC)
PRODUCTION“(1.8G/CC)
ULTRAFINE (1.4 G/CC)
ULTRAFINE (1i6 G/CC)
ULTRAFINE (1.8G/CC)
ULTRAFINE (1:* G/CC, COLD)
ULTRAFINE (1;6G/CC, COLD)

1.95
2.49

2.12 2.18
2:18
2.43
2.52
2.54
2.84
2;7’9
2;80
2.99
3.60 N
3.60 N

2.63 2.72 3.20

2.55 2.86
3.40 3.60 N
3:02
3.07

1.87
2;07

2.26
2.35

2.46
2.35

1.82
1.95

3.60 N 3.20 N
3;60 N 3.6o N

3.60 N 3.6o N
3.6o N 3:60 N

TAMS 11

Totalpore V01U80and averagepore diameter for acme of the explosivestested.

DW31TY

GICC

1.40
1.6o
1.40
1.40
1.45
1.50
1.55
1:60
1.6o
1.65
1:70
1.75
1.8o
1.40
1.80
1.40
1.6o
1;80

TOTAL PORE
VOLUNE
G/CC

0.1854
0:0982
0.1761
0.1879
0:1665
0.1299
0.1162
00950
0.0933
0:0658
0.0455
0.0306
0.0205
0.1880
0.0454
0.1966
0.1092
0.0322

AVERAGKPORE
DIANETER

m
DWLOSIVR

CADY CP
CADY CP
CP-20
CP-20
CP-20
CP-20
CP-20
CP-20
CP-20
CP-20
CP-20
CP-20
CP-20
UF-ANRE
PRODUCTION
ULTRAFINE
ULTRAFINE
ULTRAFINE

0.0339
0.0194
0.0284
0.0431
0.0234
0;0184
0:0161
0;0175
0.0153
0.0117
0.0110
0;0118
0.0112
0.0965
0.0446
0.1192
0;0743
0.0128
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Fig. 1 - Thresholdvelooityfor shook initiation,meaeuredat ambienttemperature.
In the lagend,UF, UF-AURE, CP-20 and CCP refer reapeotlvelyto ultrafine. Brltiah
ultraflne,LLNL crash-preolpitatedand LANL craah-preoipitataijTAT3. Tha-vertioal
arrouadenotefailureto detonateat that velocity. All of the SUD1W3 had density
1.4 gioc
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Fig. 2- Thresholdvelooityfor shock inltiatlon,meaeuredat ambienttemperature.
,In the legend.UF, UF-AURE,CP-20 and CCP refer respectivelyto ultrafine, Britigh
ultrafine,LML oranh-precipitatedand LANL crash-precipitatedTATB. Vertioal
arrowsdenotefailureto detonateat that velocity. All of the sampleshad deneity
1.6 g/CC
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Fig. 3 - Incremental volume vs pore diameter for three TATB samples
with different densities end particle size distributions. CP, UP
and PG refer respectivelytocrash-precipitated,ultrafineand
production-gradeTATB.
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Fig. 4 - Velocity threshold vs pore diameter for crash-precipitated
TATB pressed to various densities, 1.4 - 1.8 g/cc. Vertical arrows
denote failure to detonate at that velocity.

I

. —..



$---
.

. t,

.

. . . .

In Fig. 4 we plot flyervelocitythresholdfor
CP-20 versusaveragepore diameteraa
determinedfrom 4VIA,where V is the total
intrusionvolume,A 1s the totalvole area and
it is assumedthat the voids are right
circularcylInders.

In Fig. 5 w show the effectof pressing
densityon the void volumefor samplesof CP
material. The figureclearlyshowsthat
pressingreduoeathe totalpore volumeand
ehifts the distributionof pore volumestoward
smallerdiameters. The effectof the change
in densityon veldcitythresholdis ahown in
Fig. 6. Densityshowsabout the same degree
of Correlationwith thresholdvelocityas does
averagepore diameter. In Fig. ‘1we show the
velocitythresholdfor 3.18-mmflyer impactas
a functionof averagepore diameterfor CP and
UF TATB. At this flyerdiameter,UF TATB has
about the same thresholdas CP, but has
substantiallygreateraveragepore diemeter.
The dependenceof the thresholdon pore
diameteris surprisinglyweak, except for the
smallestaveragepore diametera,where the
curve rises steeply.

If a emell-diameterflyerplate is used to
initiatethe TATB samples,we observethat
pore diameterlo not the only faotor
controllingthe shook initiationthreshold.
Figure8 showsthe velocitythresholdfor 1.&
and 1.6-g/ocCP and UF TATB impeatedby 1.0-,
6.35-,3.18-,1.59-and 1.00-mn-dlemeter
flyersas a function of averagepore
diameter. The data pointsfor pore diemetera
largerthen 0.06mioroneare for UF and UF-
AWRE TATB and“thedata pointsfor smallerpore

i diametereare for CP and CCP TATB. The
~ velocitythresholdfor the CP materialdoss

not uhange❑ush over the wholerangeof rlyer
I diameters,while the thresholdfor the UP

material increasesdreetioallyfor flyer
diemetereless than 3 -. This errectwas
nlso illustratedin Figs. 1 and 2. We
attributethis differencein behaviorbetween
CP and UF materialto the much-different
particlesize distributions.Thereare

,. trivialchemicaldirrerencesbetweenthe three
types of TATB,especiallybetweenthe CP md
the two othermaterials,but the chemical
differencesdo not lead to any marked
thermochemicalor performanced1frerences.

,“ me remainingdifferenceis in particlesize
and morphology.

.
Duringshockcompression,the

lntergranulerforceswill play a major role in
determiningthe yieldstrengthof the material
and the way itfailswhen the yield strength
is excee~ed.

●

It must be recognizedthat pore size
distributionscalculatedfrom mercury
intrusionporos imetrydate dependon the
assumptionthat the sample1s
incompressible.In reality,poroussamples
may be crushedby the pressuresin the sample
cell, and the materialfromwhich the porous
sample is made may be compressible.Figure9

shows the total intrusionvolume versus
presmre ror CP-20 TATB at 1.4-1,8 gloc
density. The solid line is the compression
calculatedfrom the bulk modulusof TATB. The
bulk moduluewes calculatedfrom the mound
speedmeasurementsof 01inger end Hopaon
(13). At the higherpreesurea,the slope of
the experimentalcurves approachesthe slope
of the calculatedcurve,suggestingthat the
apparentintruaion at these pressuresis
mostly due to oompression of the TATB
crystals. me curve for the 1.8 glee sample
looks like virtuallyall or the apparent
intrusionis due to compressionof the
samDle. It is Interestingto note the ohanue
in &hsracterof the curvesbetween1.6 and”{.7
g/cc density. TRle is the same densityrange
where the initiationthreeholdinoreases
sharplyas shown in Fig. 6. Figure 10 shows
the intrusionvolume versuspressureror CP-
20, PG and UF TATB at 1.8 glee density. At
this deneity it appearathat a good part or
the intrusionis due to porosityror the UF
and PG materials. One could correctfor the
samplecompressionby eubtractlngthe
calculatedcompressibilitycurve from the
experimentalOurvesand attributingthe
differenceto intruaion or mercury Into the
pores.

102+9t-Gunm~

The responseof TATB to longer-duration
pressurepulseshas been studieduelng a 102-
mm-gun facilitythat haa been desoribed
elsewherein the literature(14). Figure 11
shows stress gauge reoordsfrom a PO TATB
sampleof denaity 1.$0 glee that was impacted
by a 12.5---thiok AD998 aluminaflyer plate
at 1.36 km/s, producingan 8 GPa pressure
pulse. Figure 12 shows the stress-time
recordsthat were obtainedwhen a UF TATB
sampleof 1.80 glee densitywas impactedby a
12.5 me-thickA0998aluminaflyerplate at
1.36 km/s, producinga 10 GPa inputpressure
pulse. It lo not possibleto comparethe run
distancesor times to detonationfrom these
records,but it is clear from the record et
the impactface that even at a higher input
stress, the UF TATB reactsmore slowlythan
the PG TATB. Also, the avaragechock velocity
in the first.10 = of run is oonaiderably
rester in the PG TATB. This behavioris
consistentwith earlierstudies,where we
observedthat UF TATB is less sensitivethan
PG for sustalned,lowerpressurepulees,but
ror high pressures(>30 GPa) the UF material
becomesmore sensitive than the PG TATB.

SRMASY Am Concwsxms

We have measuredshook initiation
threshold on TATB samplespressedfrom three
differentTATB powderswhich dirrer greatlyin
particlesize distribution. The shock
etimulus was producedby the impactof thin
Mylar flyer platesacceleratedby
electrically-exploded❑etal foils. Flyer
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Fig. 5- Incrementalvolumeva pore diameterfor craah-precipitate~ TATB pressedto
variousdenelt!ea.,1.4 - 1.6 g/cc. The numbersin the legandare the densityIn
g/oc.
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Fig. 6 - Thresholdvelocityvs densityfor shock initiationof orash precipitated
TATB, CP-20. Vertioalarrowsdenotefailureto detonateat that velocity.
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diametersrangedfrom 25.4 = to 1.00 m and
flyer thicknesswas 0.25 mm.

The TATB PouUera‘wre characterizedby
particlesize determinationand BET surface
area measurements. The pressedsampleswere

Tne shock inltiation thresholdcorrelated
well with total intrusionvolumeand average
VO1d dlamaterfor meaauramantama~e on samples
of the same materialwhich differedonly in
denaity. There was more scatterin the
oorrelationsobservedwhen type of materialas
well as the densitywas varied,indicating
that othervariableebesidesvoid size
dietributionare importantin the shcn?k
initiationprocess. For small-diameterflyer
platesthe differenoebetweenmaterialswas
particularlyevident. For decreasedflyar
diamaterthe thresholdsfor the UF TATB rose
dramatically,but did not increaseappreciably
fcr the CP TATB. Our resultssuggestthat
pore collapsemay not be the dominant
SICCh5niZIUfOF prOdUCiI)g reaCtiOn sites during
shock initiationfor denzitiesbelow 1.65
g/cc, becauselarge changes in the average
pore diameterproducedonly modestchanges in
the shock initiationthreshold.

characterlzedby denaity maaaurementsand
mercury intrusionporoshatry.
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Mo. W-7405-BnS-48.
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not infringeprivatelyowned rights.
Referencehereinto any apecific commercial
products,process,cr serviceby trade mme,
tradamark,manufacturer,or otherwise,does
not neceaaarilyconstituteor imply lta
endcraement,reccmmendation, or favering by
the UnitedStateaGovernmentor the University
of California. The views and opinionsof
authorsexpressedherein do not neceasarilY
atateor reflectthose of the United States
Governmentthereof,and shallnot be used for
advertisingor productendorsementpurposas.

Tii (miwceac)

Fig. 12 - Mangmningaugereoordaof pressure
vs time recordedat O, 2, and 10 m from the
front surfaceof an ultrafineTATB sample
Impactedin a gun experimentto a pressureof
9.8 GPa. sampledensitywas 1.80 g!oc
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